The heart is the first organ to form in the mammalian embryo. The process of cardiogenesis is very complex, requiring cells derived from at least four distinct progenitor populations, an elaborate transcriptional network, and the integration of many different signalling pathways. A failure of any of the individual elements can result in a variety of types of heart defects. In humans, such heart defects are called congenital heart disease (CHD), and this is the most common type of human birth defect, being present in~1% of live births and~10% of still-births worldwide. However, despite intensive investigation by classical and next-generation genetic and genomic methods, currently only about one-fifth of cases can be explained genetically. This is because CHD can also be caused by non-genetic factors, for example by environmental stresses during pregnancy. Such factors identified using epidemiology or animal studies include maternal conditions and diseases like viral infection and hyperthermia, folate deficiency, hypertension, stress, pre-existing diabetes and phenylketonuria. In addition, maternal exposures to pharmaceuticals such as anti-convulsant and anti-arrhythmia ionchannel blockers, anti-depressants, retinoic acid, thalidomide or environmental pollutants have also been associated with increased CHD risk. However, despite these factors being known for many decades, virtually nothing is known of how they cause CHD. We are studying mouse models of several such environmental factors to elucidate the molecular mechanisms by which these factors perturb embryonic cardiogenesis. Over the past decades, much progress has been made on our understanding of the genetic and transcriptional control of limb development, including late processes such as cartilage formation. However, little is known on the dynamics of the cellular events shaping the limb cartilage. How cartilage forms from limb mesenchymal cells has remained elusive. To address this issue, we have established live imaging conditions that enable us to visualize chondrogenesis in murine and avian limb explants, as it is taking place. Moreover, using novel force transducers (functionalized fluorescent oil microdroplets) we are now able to obtain quantitative measurements of cellular and tissue forces in limb explants. Altogether our research aims at identifying the cellular events underlying chondrogenesis, the role of cellular forces in chondroblast progenitor renewal and differentiation, and how they interplay with known molecular events controlling limb cartilage formation. Global amphibian population decline is a fact and has sparked concern about the implications of extensive and indiscriminate use of anthropogenic stressors like pesticides. Biphasic life cycle and permeable skin make them more susceptible to environmental contaminants and are good bioindicators of environmental stress. Organochlorine pesticides persist in the environment and can cause bioaccumulation. They are potential disruptors of endocrine function and increasingly being recognised as a significant factor that can affect normal gametogenesis. In this study the effects of two environmentally realistic doses, 1/10 and 2/10 of Lc50 (0.24ppm and 0.48ppm respectively) of Endosulfan, an organochlorine pesticide on the testis histoarchitecture and gonadosomatic indux of Bufo melanostictus evaluated. Experiment maintained for a period of thirty days with a control group without exposure to the pesticide. Testis exposed to 0.24ppm showed more or less normal structure up to ten days but in those exposed to 0.48ppm, slight disintegration of the seminiferous tubule epithelium and scattering of sperm bundles were evident after five days of exposure. Changes were pronounced after ten days of exposure in all the treatments and were dose and duration dependant. Diffusion and regression of the tubules, atrophy of Leydig cells, vacuolation, scattering and agglutination of sperm bundles, testicular atrophy and necrosis of spermatogenetic stages were noticed. Cystic appearance of the various stages were lost after thirty days of exposure. The frequency and distribution of the spermatogenetic stages found to be adversely affected in the treated ones. Besides the treated toads showed a reduction in the gonadosomatic indux compared to the control group. Disorganisation of the testis and imbalanced proliferative activity possibly confirm the negative impact of endosulfan on male fertility of Bufo melanostictus. Cell delamination is a conserved morphogenetic process important for generation of cell diversity and maintenance of tissue homeostasis. We used Drosophila embryonic neuroblasts as a model to study the molecular and cellular processes that drive delamination. We find that a dynamic myosin network of flows and pulses exist in both delaminating neuroblasts and their neighbors, but quantitative differences in medial myosin pulse intensity and frequency are critical to distinguish delaminating neuroblasts from their neighbors. Inhibition of medial myosin pulses blocks delamination. The fate of neuroblasts is set apart from their neighbors by Notch signaling-mediated lateral inhibition. When we inhibit Notch signaling activity in the embryo, we observe that small clusters of cells undergo apical constriction and display an abnormal apical myosin pattern. Together, we propose that a dynamic myosin network set by differential Notch signaling activity is utilized in the neuroectoderm to drive effective neuroblast delamination. 
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Signalling pathways modulate developmental and regenerative processes but can also be exploited by cancer cells to promote tissue invasion and growth advantage. Motivated by the parallels between the two processes, we identified context-specific features that can discriminate regenerative from tumorigenic states. We explored the contribution of ectopic signalling pathways to promote tumour development upon impaired Polycomb silencing. We employed quantitative analyses to measure the effect of JNK, JAK/STAT and Notch pathways in a Drosophila epithelial tumour model and found that these pathways support tumour growth. Furthermore, JAK/STAT signalling functions in parallel to JNK, while Notch signalling relies on JNK. We thus defined a signalling hierarchy in tumours that is distinct from the sequential activation determined during tissue regeneration.
Furthermore, we are also developing novel methods for tissuespecific chromatin profiling of rare cell populations. These approaches overcome the current limitations of small tissue amounts, and can be generally applicable to a diverse array of organisms and developmental stages. The combination of emerging technologies with powerful genetics in a real tissue context will support mechanistic insights driving chromatin alterations during development and homeostasis. 
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Mouse pre-implantation development is characterized by cell division and differentiation to give rise to three different lineages: trophectoderm (TE), primitive endoderm (PrE) and epiblast (Epi).
The TE, which will differentiate into the placenta, arises at embryonic day E3.5d from cells situated outside of the embryo whilst inside cells form the inner cell mass (ICM). At this stage, ICM cells coexpress the transcription factors NANOG and GATA6. Between E3.5d and E4.5d, cells of the ICM differentiate into epiblast (Epi), which will form the embryo proper, or primitive endoderm (PrE), which will form the yolk sac. These two lineages are distinguished by the differential expression of the previously co-expressed transcription factors; Epi cells express NANOG while PrE cells GATA6.
β-catenin is the downstream effector of Wnt signalling, a widespread cell signalling pathway with multiple roles during vertebrate development. β-catenin is also found together with E-cadherin in adhesion complexes in the membrane. In mESCs, which origin is the mouse pre-implantation embryo, there is a dual role for β-catenin: it promotes differentiation when activated as part of the Wnt/β-catenin signalling pathway, and promotes stable pluripotency independently of signalling.
My working hypothesis is that changes in both cellular pools of β-catenin are involved in differentiation of ICM cells into either Epi or PrE. To investigate this hypothesis we use a combination of in vivo studies as well as a mESC model for PrE differentiation together with small molecule inhibitors and quantitative image analysis. Our results indicate that increases in nuclear β-catenin levels allow the cells to move further into the PrE fate, determined by the expression of GATA6, SOX17 and GATA4, while decreasing nuclear β-catenin levels slows the PrE differentiation.
Establishing a role for β-catenin in cell fate choice at this stage will help to understand cellular differentiation and how different lineages arise in mouse development. Ryk is a member of atypical receptor tyrosine kinase family that consists of an extracellular WIF (Wnt inhibitory factor) domain, an intracellular atypical kinase domain, and a PDZ binding motif at C-terminus. Ryk has previously been shown to regulate canonical Wnt/β-catenin signaling by directly binding to Wnt ligands and Dishevelled. A recent study showed that Ryk also regulates noncanonical Wnt pathway in convergent extension (CE) movements by promoting Wnt11-mediated endocytosis. However, downstream signaling mechanism of Ryk receptor still remain to be resolved in detail. In this study, we tried to identify binding proteins of Ryk by using IP-Mass method. To identify novel binding partners of Ryk receptor, HEK 293T cells were transfected with (1) empty vector, (2) Ryk-myc, (3) Ryk-myc + canonical Wnt 3a and (4) Ryk-myc + non-canonical Wnt11. Then, IP was performed using myc antibody and putative Ryk binding proteins were identified by LC-MS. We found several novel proteins that may interact with Ryk receptor as well as previously known binding partners such as Cdc37 and EphA4. The heart is the first organ to form and function during mammalian development. Recently we established that in the mouse embryo, spontaneous asynchronous calcium oscillations (SACOs) occour in the cardiac crescent prior to the onset of cardiac contractions. Blocking Sodium Calcium Exchanger (NCX1) function inhibits these oscillations and cardiac differentiation.
The genetic control of the physiological dynamics observed in the cardiac mesoderm, and how these are integrated to control cardiac differentiation, remains unknown. By imaging the propagation of calcium transients in the cardiac crescent, we now have evidence of
